Abstract -A robust variable structure tracking control scheme for robotic manipulators is presented in this paper. It is shown that, based on some uncertainty bounds of robotic manipulators, a robust variable structure tracking controller is designed so that strong robustness property with respect to large system uncertainties and asymptotic convergence of output tracking error with desired transient response can be guaranteed. The controller design is simple in the sense that only five conmller parameters are adjusted, which depends only on some system uncertainty bounds instead of the lower and upper bounds of all system parameters. Theoretical analysis is supported by a simulation example.
Introduction
In the recent years, controller design using variable structure theory is increasingly accepted as a powerful technique. In the variable structure control of robotic manipulators [l] , [ZI, 151 , the lower and upper bounds of system parameters are assumed to be known, and a discontinuous controller is designed to drive the system error dynamics to a sliding mode. On the sliding mode, the desired error dynamics is achieved, which is insensitive to parameter variations and some classes of external disturbances. However, the controller design using the above variable structure schemes will become complicated due to the fact that many lower and upper bounds of system parameters need to be estimated as the number of links of a robotic manipulator is hcreased.
Robust saturation control is a popular approach for the control of robotic manipulators. In this approach, controllers are designed based on some system uncertain bounds rather than the actual values or the lower and upper bounds of system parameters 131, 141, 161, 171, 183.
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Although this approach retains good robustness property with respect to system uncertainties and assures asymptotic tracking to within any desired degree of accuracy, the transient response can not be The dynamics of an n-joint robotic manipulator can be described by the following second-order .nonlinear vector differential equation Reh(-C;'C,) < 0 (2.8)
The intersection of these planes forms a the emlr dynamics will satisfy the following equation (2.9)
Defining X = (9 9 7 e x p r e s~~ (2.1) sliding mode and when the occm, can be Written as 
T where x , = I q , 4TlTis a 2nx1 model state vector and q, is a nxl desired reference
andB1=diag(bi)( 1 S i I n ) a r e c o n s t a n t d e s . Matrix A, is assumed to be stable.
Defining e = q -q, e=[€*, iTlT, and using expressions (2.2) and (2.3), we obtain an error differential equation as: The objective of this paper is to design a robust variable structure tracking controller using uncertainty bounds in assumptions (2.11), (2.12) and (2.13) instead of the lower and upper bounds of all system parameters so that for any uncertainty in the parameters of robotic systems E(t) 4 0, as t + (2.14) h(q, q, U, r) = M(q)-'u + hl(q, 4, r) (2-5) 3. A robust tracking control scheme For the design of the robust variable structure tracking controller and the convergence of the error dynamics in expression (2.4), we have the following theorun:
where c = I C,, Cz I, C, = diag(Ci,), c, = diag(Ci2) (1 S i I n) and Using control law (3.3, we can guarantee the attractiveness of the boundary layer and the ultimate boundedness of the system to within any neighborhood of the boundary layer for the region inside the boundaries VI.
A simulation example
To illustrate the conhol scheme proposed in this paper, a simulation example for a twolink robotic manipulator is studied. Figure 1 shows the two-link robotic manipulator and the full dynamic equations are given as: show the output trackings, tracking errors and input torques by the use of the control law (3.1). It can be seen that the effects of system uncertainties are eliminated and good tracking performance is achieved. To eliminate the chattering; we implement the boundary layer control law (3.5). H e r e we take 6 = 0.1. Good system performances is shown in Figure 4 (a) - Figure 5 (b). As can seen from these figures, the chattexing is elmmed.
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Conclusions
A robust variable structure macking control scheme for robotic manipulators is presented. The advantages of the proposed control scheme are that controller design is simple, strong robustness property with respect to large system uncertainties is achieved and asymptotic convergence of output tracking error with desired transient response is guaranteed. 
